Microalgae biomass are considered as sustainable sources for various bioactive compounds. The objective of this study to evaluate the defatted biomass of green microalga Scenedesmus quadricauda KDPSC2 as a source for enhancement of total phenolic content (TPC) and antioxidant activity by microbial fermentation. Ultrasonic assisted hydrolysate was prepared from defatted biomass using ultrasound power density of 0.3 Wcm -2 at 10 min. Then the prepared defatted biomass hydrolysate (DBH) was used as soul medium for fermentation by five different microbial strains such as Bacillus amyloliquefaciens, B. stearothermophilus, B. subtilis, Saccharomyces cerevisiae NITTS1 and Cyberlindnera jadinii MMS7. Among these microbial strains, C. jadinii MMS7 was selected for further study because it was enhanced the TPC and antioxidant activity of DBH by fermentation. Besides, the fermentation conditions were optimized by classical method of optimization and found the pH 5.5, temperature 35 o C, agitation speed 150 rpm and 36 h as optimum physical parameters for enhancing the TPC and antioxidant activity of DBH by fermentation using C .jadinii MMS7. At these optimum conditions, 4.67 fold DPPH radical scavenging activity was obtained from DBH after fermentation. Therefore, this study demonstrates that the defatted biomass of S. quadricauda KDPSC2 could be a useful source for production of TPC by C. jadinii MMS7 fermentation.
INTRODUCTION
Nowadays, there is a growing interest day by day to explore the substances having antioxidant properties, which are used as food supplements or as specific preventative pharmaceuticals for humans and animals 1 . Because, the antioxidants which are considered as an important protection agents to reduce oxidative damage in human body, when the internal enzymatic mechanisms fail or are inadequately efficient 2 . However, currently the synthetic antioxidants includes tertiary butylhydroquinone (TBQ), butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and propyl-gallate have been used in various food industries to improve the shelf life of foods which contained polyunsaturated fats. Nevertheless, the incorporation of synthetic antioxidants in foods has been questioned due to their potential health risks and toxicity 3 . To overcome this problem various plants are using as a source for natural antioxidants preparation, since the plant kingdom is a good source to produce a wide range of natural antioxidants. Exogenous antioxidants are mainly derived from photosynthetic organisms and belong to different families such as polyphenols (phenolic acids, flavonoids, anthocyanins, lignans, and stilbenes), carotenoids (xanthophylls and carotenes), sterols, or vitamins (vitamins B, D, E, and C) 4 .
However, still there is not enough knowledge and data about the practical usefulness of various plants to meet out the requirement due to rapid population development. Investigating new natural antioxidants for nutraceuticals and pharmaceuticals industries is a relevant key-research topic 5 ; microalgae are highly promising in this context 6, 7 . Microalgae are characterized by a high biodiversity and ISSN: 2250-1177
[259] CODEN (USA): JDDTAO richness in terms of adaptive traits allowing them to colonize all kind of aquatic ecosystems. The metabolic diversity of microalgae, stemming from the adaptive flexibility of the microalgal world, makes them promising candidates to be exploited in biotechnological applications 8 . The advantages of microalgae compared to higher plants or fruits the actual main source of antioxidants for humanderive from the combination of being photosynthetic, mainly unicellular, displaying high growth rate, and occupying reduced space for their large cultivation 7 .
The antioxidant power of microalgae is comparable, and even higher than, the antioxidative activity of higher plants or fruits. Interestingly, the antioxidant potential of some classes of microalgae such as Chlorophyta and Eustigmatophyceae were recorded as highest values ranged from 214 to 258 Trolox equivalents µmol g -1 DM than the antioxidant activity of 224 Trolox equivalents µmol g -1 DM by Rubus sp. (raspberry) fruits 9 . These results point to the reason that there is such great interest in the highly promising microalgae as antioxidant providers for nutraceuticals and human wellness, and invoke the necessity of further exploring this great potential. The relevant antioxidant activity is probably related to the high content and diversity of antioxidant molecules in microalgae, which are a source of a wide range of antioxidant molecules 10, 11, 12, 13 .
Recently interest has been increased considerably in producing antioxidants from various natural sources by fermentation for use in foods or medicinal products to replace chemically extracted natural antioxidants, which are being restricted due to their cost. Fermentation is one of the oldest and most effective strategies of food production and preservation. It provides a natural way to reduce the volume, to destroy undesirable components, to enhance the nutritive value of foods through the biosynthesis of vitamins, essential amino acids and appearance of the food, to reduce the energy required for cooking, and to make safer products 14 . Furthermore, fermentation improves micronutrient bioavailability and aids in the degradation of anti-nutritional factors 15 .
Microalgal biorefinery approach offers a dual benefit in production of biofuel and animal feed from microalgae biomass and which can prevent the diversion of major food crops using for production of biofuel and animal feed 16 . According to Sander and Murthy 17 for every 24 kg microalgal biodiesel produced, 34 kg of co-products are generated such as defatted biomass, glycerol and unsaponifiable lipids. Among these co-products, the defatted algal biomass (DAB) using for production of biomethane 18 , bioethanol 19 , biohydrogen and short chain carboxylic acids 20 and animal feed supplement 21 . However, to the best of our knowledge, there is no publication on the antioxidant activities on ultrasonic pretreated defatted S. quadricauda KDPSC2 biomass extract by microbial fermentation. Hence, the major objectives of this study are to (i) prepare ultrasonic assisted hydrolysate from defatted biomass, (ii) screen the microbial strain for fermentation of DBH, (iii) optimize the DBH fermentation conditions using selected strain for enhancement of polyphenol content, (iv) to perform the 2,2,-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay.
MATERIALS AND METHODS

Materials
2,2,-Diphenyl-1-picrylhydrazyl (DPPH), nutrient agar, yeast peptone dextrose (YPD) agar and other chemicals with highest purity or analytical grade used in this study were purchased from Himedia Chemicals (Mumbai, India), Sigmae-Aldrich (Bommasandra, India) and Merck Chemicals Ltd.,(Mumbai, India).
Defatted algal biomass preparation
Green microalga Scenedesmus quadricauda KDPSC2 (GenBank accession number: H238504) was isolated from waterfront of Mamandur Lake (12 o 45'14" ˚N and 79 o 39'24" ˚E) Cheyyar Taluk's, Tiruvannamalai District, Tamil Nadu, India and used in this study to prepare the defatted algal biomass. S. quadricauda KDPSC2 was cultivated in leather industry effluent for 10 days at 25±1 °C with illuminated using fluorescent light (33 μmol photons m −2 s −1 ) with a 12:12 h light : dark cycle. On the 11th day, biomass was harvested by centrifugation at 14,000 rpm for 15 min using a centrifuge (RM-12C BL centrifuge, REMI Laboratory Instruments, India). Subsequently, the microalga biomass was dried using a hot air oven at 60 ℃ until attaining zero weight loss. The lipid in biomass was extracted using a standard method of Bligh and Dyer 22 . Then the lipid removed (=defatted) biomass was air-dried at room temperature and used it for further study.
Hydrolysate preparation from defatted biomass
Ultrasound assisted hydrolysate preparation from defatted biomass was carried out using an ultrasonic bath (Lark Innovative Fine Teknowledge, Chennai, India). The ultrasonic pretreatment was carried out in 250 mL stainless steel beaker containing of 20 g defatted biomass in 100 mL distilled water at ultrasound power density of 0.3 Wcm -2 for 10 min according to the literature 23 . The bath has a fixed frequency of 25 kHz. During sonication, the sample was stirred gently and the temperature was maintained between 25 to 26 ℃. The prepared DBH was used for microbial fermentation.
Microbial strain and Inoculum preparation
Five different microorganisms such as Bacillus amyloliquefaciens (GenBank Accession Number: KT276356), B. stearothermophilus (GenBank Accession Number: KT282130), B. subtilis (GenBank Accession Number: KT282131), Saccharomyces cerevisiae NITTS1 (GenBank Accession Number: MG255132.1) and Cyberlindnera jadinii MMS7 (GenBank Accession Number: MK942589) were used in this study for fermentation. The bacterial and yeast strains were stored at 4 o C in a nutrient agar slant and yeast peptone dextrose agar slant (Peptone 20 gL -1 , yeast extract 10 g L -1 , dextrose 20 gL -1 , Agar 20gL -1 ) respectively. All the microorganisms were revived every month.
Inoculum was prepared by transferring a loop full of bacterial and yeast strains into 50 mL of NB broth and YPD broth respectively, at aseptic condition. Then the inoculated broth was maintained under aerobic conditions at 30 ℃ with agitation speed at 120 rpm in an orbital shaking incubator (REMI laboratory Instruments, India) for 48 h. The newly prepared inoculum was used as seed culture for fermentation process.
Microbial fermentation of DBH
The ultrasonic assisted prepared DBH was used as sole medium for microbial fermentation. Batch fermentation was carried out in 250 mL Erlenmeyer flask contained 100 mL of DBH. Prior to microbial inoculation, the pH of DBH was adjusted to 7.0 and 5.5 for bacterial strains and yeast strains respectively, using 1N NaOH or HCl. Then the media were autoclaved at 121 o C for 15 min with 15 psi and cooled at ISSN: 2250-1177
[260] CODEN (USA): JDDTAO room temperature. Finally, the medium was inoculated with 10 % v/v fresh inoculum of each microbial strains individually, and incubated in an orbital shaker incubator at 28±2 °C for 72 h under constant shaking at 120 rpm. Every 12 h once the sample was withdrawn and estimated the biomass and the TPC. The untreated defatted biomass water extract was used as a control. Based on the maximum TPC and antioxidant activity of fermented DBH the microbial strain was selected and used for further study.
Optimization of fermentation of DBH by selected microbial strain
In order to find the optimum fermentation conditions for enhancing the antioxidant activity of DBH by fermentation using selected strain was studied. In this study, the following four fermentation process conditions such as pH (pH 4 to 6), temperature (25 to 40 o C), agitation speed (100 to 300 rpm) and fermentation time (0 to 72 h) were optimized by classical method of optimization (One parameter at-a-time).
All the experiments were carried out in triplicate to check the reproducibility.
Biomass Estimation
The biomass was estimated by gravimetrical method. 10 mL of samples was added to pre-dried (105 °C in oven, overnight) and pre-weighed conical bottom glass centrifuge tube and then centrifuged at 6000 rpm for 10 min. The pellet was washed twice with deionized water and repeated the centrifugation process. Then washed biomass was dried at 105 °C until getting the constant weight. After drying, allowed to cool in a desiccator and the final weight was recorded using an analytical balance (S234, Denver Instrument, Bohemia, NY). The loss of weight was calculated as grams of dry weight per litre. The biomass estimation was performed in triplicate and all values are represented as mean ± SD of three replications.
Estimation of TPC
The TPC of fermented hydrolysate was estimated by Folin-Ciocalteu method 24 . The samples were diluted to match the measurable range of the spectrophotometer. A 200 µL sample was mixed with 1 mL of 1:10 diluted Folin-Ciocalteu reagent. After 4 min, 800 µL of saturated Na2CO3 (75 gL -1 )) was added to this mixture and incubated at room temperature for 2 h. Then the sample was centrifuged at 6000 rpm for 10 min and the collected supernatant was measured at 765 nm using UV-Visible spectrophotometer (PC-Based Double Beam UV-VIS Spectrophotometer 2206, Systronics India Ltd, Gujarat ). Gallic acid range from 0-500 mgL -1 was used for standard calibration curve. The optical density (OD) value of the sample was interpolated in the standard graph and calculated the TPC of sample. The results were expressed as gallic acid equivalent (GAE) per gram dry weight of defatted biomass of S. quadricauda KDPSC2 and calculated as mean value ±SD (n=3)
In Vitro antioxidant activity 2,2,-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay was performed as described by Qureshi et al 25 . 1 mL of fermented hydrolysate was mixed with 1 mL of ethanolic solution of DPPH (0.2 mM). To this mixer, 1 mL of ascorbic acid (200 µgmL -1 ) in ethanol was added. After mixing vigorously for 30 s, the solution was incubated at 37 °C for 25 min in dark. The DPPH radical scavenging activity of the solution was measured at 517 nm using UV-Visible spectrophotometer (PC-Based Double Beam UV-VIS Spectrophotometer 2206, Systronics India Ltd, Gujarat) using mixture of 1 mL ethanol and 1 mL of DPPH as blank. The synthetic antioxidant Butylated Hydroxy Toluene (BHT) used as positive control. Assay was performed in triplicates and the mean value was used to calculate the DPPH radical scavenging activity using the following equation,
Radical scavenging activity = [(Abs control -Abs samples)/Abs control] X 100
Statistical analysis
The results of all the experiments were presented as the mean ± standard deviation (SD) values of three independent replicates. The one-way analysis of variance (ANOVA) also done for the obtained data using MINITAB 12 software at the significant level of p ≤0.05.
RESULTS AND DISCUSSION
TPC and antioxidant activity of DBH extract by microbial fermentation
Microalgae biomass are considered as sustainable sources of bioactive compounds because they have wide range of applications from animal feed to human health products 26 . Among the various bioactive compounds, the phenolics are most important one to prevent oxidative stress-related diseases like cancer and neurological disorders in human body 27 . Currently, there is an increasing interest in exploring the phenolics compound in microalgae since very few reports on the microalgae phenolics compound 28 . In the present study, ultrasonic assisted DBH was prepared from defatted biomass of S. quadricauda KDPSC2 and it was used as a source for extracting the phenolics compounds by fermentation using five different microbial strains. As shown in the Figure 1 , the highest TPC was obtained from DBH after fermentation by five different microbial strains than before fermentation. All the five microbial strains were showed positive results of enhancement of TPC in DBH. However, among the five different microbial strains, the maximum TPC of 6.31±0.07 mg GAE g -1 DW was obtained from DBH by C. jadinii MMS7 fermentation. This may be a change in the properties of ultrasonic assisted DBH could occur during the fermentation by C. jadinii MMS7. But, Bulut et al 29 reported that the highest TPC of 5.40±0.28 mg GAE g -1 WD was obtained from Scenedesmus sp. ME02 by ethanol/water extraction. In this study not used any solvent to extract the phenolics compounds from DAB. We did it only by microbial fermentation.
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Figure 1: Concentration of TPC in DBH after microbial fermentation
In order to estimate the antioxidant capacity of fermented DBH, the DPPH assay was used. This assay measures the reducing capacity of tested antioxidants toward the DPPH radical either by direct reduction via electron transfer or by radical quenching by H atom transfer 30 . In this study, we recorded a wide range of 49.12 ± 0.11% to 62.31 ± 0.12% DPPH radical scavenging activity in fermented DBH. As shown in the Figure 2 , maximum DPPH radical scavenging activity of 62.31 ±0.12% was recorded in DBH after fermentation by C. jadinii MMS7. Hence, this strain was selected and used for further study.
Figure 2: Antioxidant capacity of DBH in different microbial fermentation
Effect of pH on enhancement of antioxidant activity of DBH
In order to find the optimum pH for enhancement of DPPH radical scavenging activity of DBH by fermentation using C. jadinii MMS7 was studied. The pH range from 4 to 6 with an increment of pH 0.5 was used for this study. The pH of DBH was maintained using 1N NaOH/HCl. As shown in Figure 3 , the highest DPPH radical scavenging activity of 64.21±0.13% was obtained from DBH by fermentation at pH 5.5 because this pH was well favoured the growth of C. jadinii MMS7. The present study agreed with the work of Ezekiel and Aworh 31 .
Based on the TPC of DBH, pH 5.5 was considered as an optimum pH for further optimization study. The physical factor such as temperature directly can influence on product yield and productivity in the microbial fermentation 32 . Effect of the temperature on enhancement of antioxidant activity of DBH by C. jadinii MMS7 fermentation was studied with various temperature ranges from 25 °C to 40 °C with an increment of 5 °C. As shown in Figure 4 , the maximum DPPH radical scavenging activity of 66.24 ± 0.12% was enhanced in DBH by fermentation using C. jadinii MMS7 at 35 °C. Further increase in the temperature there was a reduction in antioxidant activity because it was unfavourable for the growth of C. jadinii MMS7. Hence, the fermentation gets affected. When increasing the temperature from 25 °C to 35 °C an increased in the biomass of C. jadinii MMS7 from 13.11±0.04 g dwL -1 to 18.13±0.07 g dwL -1 . Whereas low biomass of 5.03±0.05 g dwL -1 was obtained at 40 °C. These results suggesting that the temperature above 35°C does not support the growth of C. jadinii MMS7 in the fermentation broth DBH. Therefore, the temperature 35 °C was found as an optimum temperature and it was used for further optimization study. Similarly, Zhao et al 33 found that the temperature 35 o C as an optimum temperature for single cell protein production from C. utilis by fermentation.
Figure 4: Effect of temperature on enhancement of antioxidant activity of DBH by C. jadinii MMS7 fermentation
Effect of agitation speed on enhancement of antioxidant activity of DBH
During the fermentation, the agitation will provides an adequate mixing of fermentation medium for facilitating the assimilation of nutrients by yeasts cells 34 . However, excess the agitation speed creates shear forces, which will affect the product formation during microbial fermentation due to morphological changes and damaging the cell structure of microorganisms 35 . In the present study, in order to find the optimum agitation speed for enhancement of antioxidant activity of DBH by C. jadinii MMS7 fermentation was studied with different agitation speed range from 100 to 300 rpm with an increment of 50 rpm. The maximum DPPH radical scavenging activity of 68.22±0.11% and biomass of 21.45±0.06 g dwL -1 were observed at agitation speed of 150 rpm. Further increase in the agitation speed there was a significant reduction in the antioxidant activity ( Figure 5 ).
Effect of fermentation time on enhancement of antioxidant activity of DBH
The fermentation of DBH was carried at optimum temperature 35 °C for 72 h under constant shaking at optimum agitation speed of 150 rpm. Prior to start the fermentation, DBH pH was adjusted to optimum pH 5.5 using 1N NaOH or HCl and then autoclaved at 121 o C for 15 min with 15 psi. Every 12 h once the fermented extract was used to measure the DPPH radical scavenging activity. As shown in Figure 6 , the highest DPPH radical scavenging activity of 70.12±0.08% was observed at fermentation time 36 h. Further increase in the time the DPPH radical scavenging activity was gradually decreased. The DPPH radical scavenging activity of fermented extract was in accordance with their amount of TPC. Polyphenolic compounds are known to possess antioxidant activity since it was considered as most effective antioxidants 36, 37, 38 . The microbial fermentation enhanced the phenolic compounds and antioxidant capacity of DBH prepared by ultrasonic pretreatment. The results of this study suggest that the microbial fermentation is the best method to extract the phenolic compounds from microalgal biomass than the solvent extraction. Some of the study shows that the solubility of natural antioxidants mainly depends on the polarity of the solvent 29, 39, 40 . 
CONCLUSIONS
The ultrasonic assisted hydrolysate was prepared from defatted biomass of microalga S. quadricauda KDPSC2 and used as feedstock for microbial fermentation for enhancing the TPC and antioxidant activity. Based on the yield of TPC the yeast C .jadinii MMS7 was selected as best microbial strain to extract TPC and enhancing the antioxidant activity in DBH by fermentation process. The pH 5.5, temperature 35 o C and agitation speed 150 rpm were found to be the optimum conditions for enhancing antioxidant activity of DBH by fermentation using C .jadinii MMS7. At these optimum conditions, the DPPH radical scavenging activity of 70.12 ± 0.08% was observed in fermented extract at 36 h, which is 4.67 fold higher than unfermented water extract. Hence, defatted biomass of microalga S. quadricauda KDPSC2 considered as potential natural source for production of antioxidant.
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